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Abstract. Extremely weakly interacting massive particles (E-WIMPs) are intriguing candidates for cold dark matter in 
the Universe. We review two well motivated E-WIMPs, an axino and a gravitino, and point out their cosmological and 
phenomenological similarities and differences, the latter of which may allow one to distinguishing them in LHC searches for 
supersymmetry. 



INTRODUCTION 

From the particle physics point of view, a WIMP (weakly 
interacting massive particle) looks rather attractive as 
a candidate for cold dark matter (CDM) in the Uni- 
verse. In many extensions of the Standard Model (SM) 
there often exist several new WIMPs, and it is often not 
too difficult to ensure that the lightest of them is sta- 
ble by means of some discrete symmetry or topologi- 
cal invariant. (For example, in supersymmetry, one usu- 
ally invokes /^-parity.) In order to meet stringent astro- 
physical constraints on exotic relics {e.g., anomalous nu- 
clei), WIMPs must be electrically and (preferably) color 
neutral. They can however interact weakly. For WIMPs 
produced via a usual freeze-out from an expanding 

plasma one finds ah 1 ~ l/(( 10 -?fg m i ) ($))■ As " 
suming a pair-annihilation cross section cr ann ~ <7 wea k ~ 
10 _38 cm 2 , and since the relative velocity v at freeze-out 
is non-relativistic, one often obtains Q.h 2 ~ 0.1, in agree- 
ment with current determinations. This has sometimes 
been used as a hint for a deeper connection between weak 
interactions and CDM in the Universe. 

Contrary to this simple and persuasive argument, 
CDM particles are not bound to interact with roughly the 
weak interaction strength. Extremely weakly interacting 
massive particles (E-WIMPs) have also been known to 
be excellent candidates for CDM. In comparison with 
"standard" WIMPs, E-WIMP interaction strength with 
ordinary matter is strongly suppressed by some large 
mass scale, for example the (reduced) Planck scale Mp ~ 
2.4 x 10 18 GeV for gravitino or the Peccei-Quinn scale 
f a ~ 10' 1 GeV for axion and/or axino. 



1 Invited plenary talk given by L. Roszkowski at PASCOS-05, 
Gyeongju, Korea, 30 May - 4 June 2005. 
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FIGURE 1. A schematic representation of some well- 
motivated WIMP-type particles for which a priori one can have 
£2 ~ 1. o"i nt represents a typical order of magnitude of interac- 
tion strength with ordinary matter. The neutrino provides hot 
DM which is disfavored. The box marked "WIMP' stands for 
several possible candidates, e.g., from Kaluza-Klein scenarios. 



E-WIMPs are also well motivated from a particle the- 
orist's perspective if one takes the point of view that 
CDM candidates should appear naturally in some rea- 
sonable frameworks beyond the SM which have been 
invented to address some other major puzzle in particle 
physics. In other words, it would be preferable if a CDM 
candidate were not invented for the sole purpose of solv- 
ing the DM problem. 

One way to present well-motivated CDM candidates 



is to consider a big "drawing board" as in Fig. 1: a plane 
spanned by the mass of the relic on the one side and by a 
typical strength a (n( of its interaction with ordinary mat- 
ter (i.e., detectors) on the other. To a first approximation 
the mass range can in principle extend up to the Planck 
mass scale, but not above, if we are talking about elemen- 
tary particles. The interaction cross section could reason- 
ably be expected to be of the weak strength (<7 wea k — 
10~ 2 pb) but could also be as tiny as that purely due to 
gravity: ~ (m w /M P ) 2 a wea k ~ 10~ 32 ff W eak ~ lCT 34 pb. 

What can we put into this vast plane shown in Fig. 1 ? 
One obvious candidate is the neutrino, since we know 
that it exists. Neutrino oscillation experiments have ba- 
sically convinced us that its mass is probably of order 
<~ 0.1 eV, or less. On the upper side, if it were heav- 
ier than a few eV, it would overdose the Universe. The 
problem is that such a WIMP would constitute hot DM 
which is hardly anybody's favored these days. While 
some like it hot, or warm, most like it cold. 

The main suspect for today is of course the neutralino 
X [1, 2]. While in general it is a mass eigenstate of a 
bino, wino and two neutral higgsinos, on the grounds 
of naturalness [3] or unification [4] it should preferably 
be mostly a bino. LEP bounds on its mass are actually 
not too strong, nor robust: they depend on a number of 
assumptions. In minimal SUSY (the so-called MSSM) 
"in most cases" m y > 70GeV, but the bound can be 

A. ~ 

also much lower. Theoretically, because of the fine tun- 
ing argument, one expects its mass to lie in the range 
of several tens or hundreds of GeV [3]. More gener- 
ally, m x > fewGeV from £l x h 2 < 1 (the so-called Lee- 
Weinberg bound [5]) and m x < 340 TeV from unitar- 
ity [6]. Neutralino interaction rates are generally sup- 
pressed relative to (J W eak by various mixing angles in the 
neutralino couplings. In the MSSM they are typically be- 
tween — 10 CTweak and - 10~ 1U 

Owealo although could be 
even lower in more complicated models where the LSP 
would be dominated for example by a singlino compo- 
nent (fermionic partner of an additional Higgs singlet un- 
der the SM gauge group). This uncertainty of the precise 
nature of the neutralino is reflected in Fig. 1 by showing 
both a smaller (dark blue) region of minimal SUSY and 
an extended one (light blue) with potentially suppressed 
interaction strengths in non-minimal SUSY models. 

Another example of a WIMP that would belong to 
the light blue box is the the lightest Kaluza-Klein state 
which is massive, fairly weakly interacting and stable 
in some extra-dimensional frameworks [7]. One can see 
that a typical strength of WIMP interactions can be sev- 
eral orders of magnitude less then weak, while still giv- 
ing ii/z 2 - 0.1. 

Then we have E-WIMPs whose interactions are 
much weaker than electroweak. One well-known 
example is the axion - a light neutral pseudoscalar 



particle which is a by-product of the Peccei-Quinn 
solution to the strong CP problem. Its interac- 
tion with ordinary matter is suppressed by the PQ 
scale - («W/a) 2 °weak ~ 10" 18 a wea k ~ 10~ 20 pb 
(fa ~ 10 n GeV), hence extremely tiny, while its mass 
m a ~ ^Qco/fa ~ (10~ 6 -10- 4 ) eV which gives 
Q.a^0.1. The axion, despite being so light, is of CDM- 
type because it is produced by the non-thermal process 
of misalignment in the early Universe. 

In SUSY, the axion has its fermionic superpartner, 
called axino. Its mass is strongly model-dependent but, 
in contrast to the neutralino, often not directly deter- 
mined by the SUSY breaking scale — 1 TeV. Hence the 
axino could be light and could naturally be the LSP, 
thus stable. An earlier study concluded that axinos could 
be warm DM with mass less than 2keV [8]. More re- 
cently [9] it has been pointed out more massive axinos 
quite naturally can be also cold DM as well, as marked 
in Fig. 1. 

Lastly, there is the gravitino - the spin-3 /2 superpart- 
ner of the graviton - which arises by coupling SUSY 
to gravity. The gravitino relic abundance can be of or- 
der one [11] but one has to also worry about the so- 
called gravitino problem: heavier particles decay to grav- 
itinos very late, around 10 8 sec after the Big Bang, and 
the associated energetic photons and/or hadrons may 
cause havoc to Big Bang Nucleosynthesis (BBN) prod- 
ucts. The problem is not unsurmountable but more con- 
ditions/assumptions need to be satisfied as I will discuss 
below. In Fig. 1 the gravitino is marked in the mass range 
of keV to GeV and gravitational interactions only, al- 
though light gravitinos have actually strongly enhanced 
couplings via their spin-1 /2 goldstino component. 

While Fig. 1 is really about WIMPs which arise in 
attractive extensions of the SM, it is worth mention- 
ing another class of relics, popularized under the name 
of WIMPzillas, for which there exist robust production 
mechanisms (curvature perturbations) in the early Uni- 
verse [12]. As the name suggests, they are thought to be 
very massive, — 10 13 GeV or so. There are no restric- 
tions on WIMPzilla interactions with ordinary matter, as 
schematically depicted in Fig. 1. 

In summary, the number of well-motivated WIMP and 
WIMP-type candidates for CDM is in the end not so 
large. One can add to this picture other candidates, but 
the three candidates for the CDM predicted by SUSY: 
the neutralino, the axino and the gravitino are robust. The 
neutralino is testable in experimental programmes of this 
decade (DM searches and the LHC) and is therefore of 
our primary interest but we should not forget about other 
possibilities. 

In this talk, we will discuss two intriguing E-WIMPs: 
the axino and the gravitino. I will demonstrate many 
similarities they share as well as many cosmological 
and phenomenological differences which may give one 



a chance to distinguish them from each other and from 
the standard neutralino at the LHC. 



THE AXINO 

The axino is a superpartner of the axion. It is a neu- 
tral, R = — 1, Majorana, chiral, spin-1/2 particle. There 
exist several SUSY and supergravity implementations 
of the well-known original axion models (KSVZ [13] 
and DFSZ [14]). (Axion/axino-type supermultiplets also 
arise in superstring models.) In studying cosmological 
properties of axinos, we will concentrate on KSVZ-type 
models where the global 1/(1) PQ symmetry is sponta- 
neously broken at the PQ scale f a . A combination of as- 
trophysical (white dwarfs, etc) and cosmological bounds 
leads to 10 9 GeV < f a ~ 10 12 GeV[15] although the up- 
per bound can be significantly relaxed if inflation fol- 
lowed the decoupling of primordial axionic particles and 
the reheating temperature Tr <C f a . 

The two main parameters of interest to us are the axino 
mass and coupling. The mass w„ strongly depends on 
an underlying model and can span a wide range, from 
very small (~ eV) to large (~ GeV) values. In contrast 
to the neutralino (and the gravitino), axino mass does not 
have to be of the order of the SUSY breaking scale in 
the visible sector, M SU sy ~ 100 GeV - 1 TeV [8, 16]. In 
a cosmological study of axinos, we will treat axino mass 
as a free parameter. 

Axino couplings to other particles are generically sup- 
pressed by I /fa- At high temperatures the most im- 
portant coupling will be that of an axino-gluino-gluon 
dimension-five interaction term 

where g stands for the gluino and N = 1 (6) for the KSVZ 
(DFSZ) model. At low temperatures, on the other hand, 
often a dominant role will be played by an analogous 
coupling of axino-photon-neutralino 

where B denotes the bino, the fermionic partner of the 
U(l)y gauge boson B, which is one of the components 
of the neutralino. Depending on a model, there are also 
terms involving dimension-four operators coming, e.g., 
from the effective superpotential 4> x P l P where *P is one of 
MSSM matter (super)fields. Axino production processes 
coming from such terms will be suppressed at high ener- 
gies relative to processes involving Eq. (1) and (2) by a 
factor Wp/s where s is the square of the center of mass 
energy. Such terms will play an important role in axino 
production from squark and slepton decays at low tem- 
peratures. 



Axino Production. Because axino interactions are 
strongly suppressed, their initial thermal population de- 
couples at very high temperatures. We further assume 
that it (and those of other relics, like gravitinos) present 
in the early Universe was subsequently diluted away by 
inflation and that Tr < Tr>. It also had to be less than f a , 
otherwise the PQ would have been restored thus leading 
to the well-known domain wall problem associated with 
global symmetries. 

There are two generic ways of repopulating the Uni- 
verse with axinos. First, they can be generated through 
thermal production (TP), via scatterings and decay pro- 
cesses of ordinary particles and sparticles in thermal 
bath. Second, they may also be produced in decay 
processes of particles which themselves are out-of- 
equilibrium, in non thermal production (NTP). These 
production mechanisms will also apply to the gravitino 
E-WIMP. 

Thermal Production. The thermal production can be 
obtained by integrating the Boltzmann equation with 
both scatterings and decays of particles in the plasma. 

The main axino production channels are the scatter- 
ings of (s)particles described by a dimension-five axino- 
gaugino-gauge boson term, Eq. (1). Because of the rela- 
tive strength of a s , the most important contributions will 
come from 2-body strongly interacting processes into fi- 
nal states, ;' + j — > a H . 

Axinos can also be produced through decays of heav- 
ier superpartners in thermal plasma. At T > mg these are 
dominated by the decays of gluinos into LSP axinos and 
gluons. At lower temperatures m x < T <mg, neutralino 
decays to axinos also contribute while at higher tempera- 
tures they are sub-dominant. The TP contribution to ax- 
ino abundance will be denoted by £lj p h 2 . 

Non-Thermal Production. As the Universe cools 
down, all heavier SUSY partners will first cascade de- 
cay to the next-to-lightest superpartner (NLSP), which 
we denote by X. The NLSPs then freeze out of thermal 
equilibrium and subsequently decay into axinos (or grav- 
itinos). 

For example, when the NLSP is a nearly pure bino 
(X ~ B), the decay time is approximately given by [9, 10] 

ZlOOGeVV 

T(X ->ay) ~0.3sec ... (3) 

V mx J 

which means that the decay will mostly take place before 
the epoch of BBN and an energetic photon produced 
along the axino will not do any harm to light elements. 
This is very different from the gravitino case which is 
produced long after BBN. 

Since all the NLSPs subsequently decay into axinos, 
the axino abundance £i^ TP /i 2 from NLSP decay can be 




FIGURE 2. The plane (mi^^o) for axino only slightly less massive than the NLSP and Tr = 50GeV (left window) and for 
m s = ITeV and T R = 200GeV (right window). We take tanj3 = 10, A = 0, fl > and f a = 10 11 GeV. The regions excluded by 
LEP are shown in red. The dark green (orange, white) regions correspond to 0.094 < Sigh 2 < 0.129 (£lgh 2 too large and excluded, 
too small but otherwise allowed) The red line divides the neutralino and stau NLSP regions. 



determined by the simple relation of mass ratio and 
NLSP abundance Q.x, 



Axino LSP in the CMSSM. From now on we'll con- 
centrate on the Constrained Minimal Supersymmetric 
Standard Model (CMSSM) [4] in which all the Higgs 
and superpartner mass spectra are parametrized in terms 
of a common gaugino and scalar mq mass parame- 
ters, a common trilinear parameter Aq (all defined at the 
GUT scale), as well as the ratio of the vev's of the two 
Higgs doublets tan/3. The CMSSM is a reasonable low- 
energy framework for many GUT-based models and is 
also of experimental interest as a benchmark model for 
the LHC. 

In the CMSSM, the NLSP is typically either the (bino- 
dominated) neutralino % (for mi/2 <C mo) or the lighter 
stau fi (for mi /2 ^ m o)- It can decay to the axino and 
photon x — > <5y or via fi — > ax. 

Below we illustrate axino LSP as CDM with two ex- 
amples taken from Ref. [17, 18]. In Fig. 2, the (mi/2,?wo) 
plane is shown for tan /3 = 10 and for 7r = 50 GeV, ma ~ 
niNLSP (left window) and 7r = 200 GeV, nig — lGeV 
(right window). We apply several constraints from collid- 
ers: the lower mass bounds on chargino m x ± > 104 GeV, 
Higgs m h > 114.4GeV and stau m f[ > 87 GeV at LEP 
and from BR(B^X s y) = (3.34 ±0.68) x 10~ 4 . In addi- 



tion, the orange colored region is excluded by the over- 
closure of Universe while the white regions are cosmo- 
logically allowed but not favored. The (green) band be- 
tween the orange and white regions is the cosmologically 
favored (2 cr) region of Q. a h 2 = Q.j p h 2 + £2^ TP /i 2 consis- 
tent with observations. The recent WMAP results com- 
bined with other measurements imply the 2 a range for 
non-baryonic CDM 0.094 < SIcdm^ 2 < 0.129 [19]. 

In the left window NTP plays a dominant role. We 
have chosen the axino mass as large as possible (slightly 
lighter than NLSP). Almost all the neutralino NLSP re- 
gion is excluded by an over-abundance of CDM except 
for tiny region of small m\j2 and iiiq. (This case is nearly 
identical to the standard case of neutralino LSP.) A cos- 
mologically favored region mostly lies in the stau NLSP 
regime. 

In the right window, where we have chosen a small 
axino mass, the dominant contribution comes from TP 
and the overall pattern of cosmologically excluded and 
allowed regions is very different. In particular, the re- 
gion closer to the niQ axis is excluded. As Tp> increases, 
it grows and pushes away the green band of the cosmo- 
logically favored region farther to the right. Since, due to 
the small mg, NTP is negligible, the band of i2„/i 2 ~ 0.1 
extends to both the neutralino and the stau NLSP regions. 

In both windows one finds that the cosmologically 
favored region lies in the stau NLSP region (below red 
line), which is traditionally believed to be excluded as 



corresponding to a stable charged relics. 

Note also a rather low Tr. In fact, this is a charac- 
teristic feature of axino CDM scenario [9, 10, 17, 18] 
where NTP allows for T R < 10 4 GeV and TP for some- 
what larger values < 10 6 GeV. 



THE GRAVITINO 

Let us now examine the gravitino as the true LSP and a 
candidate for CDM. 2 Its mass arises through the super- 
Higgs mechanism and in a gravity-mediated SUSY 
breaking case is naturally expected in the range m^ ~ 
GeV — TeV. In other SUSY breaking scenarios it can be 
much smaller or larger. As before with the axino, here 
we will take the gravitino mass to be a free parameter. 

The gravitino can be produced in very much the same 
way as the axino, via TP and NTP. One crucial differ- 
ence is that, relative to Eqs. (1) and (2), in the denomi- 
nators of analogous dimension-five and four terms there 
appears a square of the gravitino mass m^, in addition to 
fa/N — ► Mp. This leads to a different dependence of the 
gravitino yield on mg. In particular, after integrating the 
Boltzmann equation, for the TP part one finds [22, 23] 



afh 2 ~ 0.2 



Vl0 10 GeV 



)( 



100GeV\ fnig(n) 



m^, J \ ITeV 



(5) 

where rrig(jj,) above is the running gluino mass. One can 
see that, for natural ranges of nig and m^, one can have 
ti^h 2 - 0.1 at T R as high as 10 9 - 10 GeV. 

For NTP production, on the other hand, one simply 
replaces m a — > m^ in Eq. (4). NLSP first freeze out and 
then decay into gravitinos at late times which strongly 
depend on the NLSP composition and mass mx, and on 
the decay products [24, 25]. The lifetime is roughly given 
by 



ZlOOGeVWj^y 
V m x J VlOOGeV/ 



(6) 



for mg«mx. Thus in the parameter space allowed by 
other constraints it can vary from from > 10 8 sec at 
smaller mx down to 10 2 sec, or even less, for large m\n 
and/or mo in the TeV range. This happens during or after 
BBN, which gives a strong constraints on the gravitino 
LSP scenario. 

In Fig. 3 we display the (m^j^o) plane (now on a 
log-log scale) for two representative choices: tan/3 = 10 
and = mo (left window) and tan j3 = 50 and m^ = 
0.2mo (right window), and for Aq = and jj, > 0. In 
addition to the regions excluded by LEP (on the left), 



we also reject those where the gravitino is not the LSP 
or where some sparticles become tachyonic, as in the 
right window. The total gravitino abundance (NTP+TP) 
consistent with WMAP is shown in dark green region. 
The right and upper region of the band is cosmologically 
excluded from the over-abundance of DM. The light 
green region (marked "NTP") corresponds to the case 
when NTP alone is considered, which is dominant at low 
Tr. 

BBN constraints. The % NLSP decays predomi- 
nantly to photons via % — > G + J and (in a small frac- 
tion) to hadrons % -> Gf/Z* -> Gqq. For the fi NLSP, 
the dominant mode is f i — > Gx and hadronic jets are pro- 
duced by 4-body decays with suppressed branching ra- 
tio. However if kinematically allowed, higher hadronic 
branching ratio can be obtained through subsequent 
Z/Higgs bosons decays after NLSP decay to them. 

The decay products, such as photons (tau leptons for 
X NLSP) and hadrons, carry high energies inherited from 
the parent NLSP. These energetic particles may change 
the abundances of light elements produced during the 
epoch of BBN thus spoiling a good agreement of light el- 
ement abundances between predictions and observations. 

The injection of high energy photons (or charged lep- 
tons) at late times (t > 10 4 sec) can disintegrate D (for 
X < 10 6 sec) and 4 He (for x > 10 6 sec) leading to the pro- 
duction of other lighter elements, such as D, 3 He or 6 Li. 

At earlier times (t < 10 4 sec) hadronic showers are 
induced by mesons for x < 10 2 sec and nucleons for x > 
10 2 sec. Mesons convert protons to neutrons resulting in 
an increase of 4 He abundance, and nucleons increase the 
abundance of D and 6 Li. 

We calculate the light element abundances in a self- 
consistent way using a code in [26] and compare them 
with observations. Here we adopt the conservative abun- 
dances of light elements, 



2.2 x 10~ 5 < 
0.232 < 
8 x 10~ n < 



D/H 

Y P 
1 Li/H 
3 He/D 
6 Li/ 7 Li 



<5.3 x 10~ 5 

< 0.258 

< 1.72 

< 0.1875. 



In Fig. 3 the regions excluded by constraints from 
light element abundances are shown in violet and marked 
"BBN". We can see that the neutralino NLSP region 
is not viable [27] while large parts of the stau NLSP 
domain are, and this is also where the total gravitino 
relic abundance in the range consistent with WMAP. 3 On 
the other hand, the (light green) region of NTP only is 



2 Here we mostly follow Refs. [20, 21]. 



3 For much smaller mg <g 1 GeV, but still consistent with the gravitino 
being cold DM, the neutralino region becomes allowed again. 




FIGURE 3. The plane (mj MjWq) for tan/3 = 10 (left window) and tan/3 = 50 (right window) and for Aq = and fl > 0. The 
light brown regions labelled "LEP x + " an d "LEP Higgs" are excluded by unsuccessful chargino and Higgs searches at LEP, 
respectively. In the right window the darker brown regions labelled "b — » sf is excluded assuming minimal flavor violation and the 
dark grey region below the dashed line is labelled "TACHYONIC" because of some sfermion masses becoming tachyonic and is also 
excluded. In the rest of the grey region (above the dashed line) the stau mass bound > 87GeV is violated. In both windows, the 
dark green bands labelled "fl^/i 2 " denote the total relic abundance of the gravitino from both thermal and non-thermal production 
is in the favored range, while in the light green regions (marked "NTP") the same is the case for the relic abundance from NTP 
processes alone. The regions excluded by the various BBN constraint are denoted in violet. A solid magenta curve labelled "CMB" 
delineates the region (on the side of label) inconsistent with the CMB spectrum. The UFB constraints disfavor all the stau NLSP 
region that has remained allowed after applying the BBN and CMB constraints. 



not consistent with BBN. Thus a substantial contribution 
from TP, and therefore a large enough 7r is required. 
On the other hand, increasing 7r causes the green band 
of Qjjh 2 to move to the left, which eventually runs into 
conflict with BBN. In the moderate gravitino mass region 
we could find a reheating temperature as high as Tr < 
4 x 10 9 GeV consistent with all other constraints. 

CMB constraints. The radiative decay process of 
NLSP releases a net photon energy into the electromag- 
netic plasma. For late decays, number changing interac- 
tions, such as thermal bremsstrahlung and double Comp- 
ton scattering, may be ineffective, resulting in a dis- 
crepancy with Planckian distribution [28]. The observed 
Planckian shape of CMB gives the constraints on the 
upper bound of a dimensionless chemical potential ji, 
|ju| < 9 x 1(T 5 [29]. For later decays (t > 4 x 10 11 ~ 
8.8 x 10 9 sec) constraints on CMB can be described by 
the Compton parameter y where |y| < 1.2 x 10~ 5 [30]. 

A magenta line in Fig. 3 delineates the region incon- 
sistent with CMB spectrum. We find that the CMB con- 
straints is usually less stringent than the constraints from 
the BBN. 



False vacuua. The presence of scalars with color and 
electric charge in SUSY theories induce a possible exis- 
tence of charge and color breaking (CCB) minima. Also 
along some directions in field space the potential can 
even become unbounded from below (UFB) at tree level. 
(After including one loop corrections a UFB direction 
develops a deep CCB minimum.) The most dangerous 
one is the UFB-3 direction involving the scalar fields 
{H u ,v Lj ,e Lj ,e Rj } with i ^ j [31]. By simple analytical 
minimization of relevant terms of the scalar potential and 
requiring Vufb-3(G = Q) > V Feimi , where Q is the min- 
imization scale and Vpermi is the Fermi minimum evalu- 
ated at the typical scale of SUSY masses, one obtains a 
constraint on the SUSY parameter space. 

In Fig. 3, regions corresponding to our vacuum being 
a false vacuum are delineated by a blue line (on the side 
of a big arrow) and marked "UFB". We can see that the 
constraint disfavors almost all of the stau NLSP region. 
(Note that this bound is not specific to the gravitino and 
applies to the axino case as well.) However, the existence 
of such a dangerous global vacuum cannot be excluded 
since the color and electric neutral Fermi vacuum which 
the Universe is in may be a long-lived local minimum. 



In this case a non-trivial constraints is placed on the 
inflationary cosmology [32, 33]. 



CONCLUSIONS 

E-WIMPs are well motivated, attractive and intriguing 
candidates for CDM. Here we have presented two cases 
of the axino and the gravitino as stable relics and CDM 
in the Universe. In the CMSSM, while the neutralino and 
stau NLSP remain allowed for the axino LSP, for GeV 
gravitino LSP the neutralino NLSP is excluded and only 
the stau NLSP remains allowed. In the stau region our 
vacuum corresponds to a local minimum while in the 
global one color and/or electric charge are not conserved. 
This is one lesson that we can learn should at the LHC 
a massive, electrically charged particle (the stau) be ob- 
served as an effectively stable state, rather then the neu- 
tralino. If enough of them were accumulated, one could 
possibly observe their decays and very different differen- 
tial event distributions [34] could, at least in some cases, 
allow one to decide whether Nature has chosen the axino 
or the gravitino as a stable relic and cold dark matter in 
the Universe. 
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